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There's a future 
for you in
Yesterday it was sufficient to call yourself simply
an Electrical, Mechanical or Chemical Engineer.
But today we think in terms of specific functions
performed . . . such as research, design, develop-
ment or application engineering. For example,
Westinghouse employs:
RESEARCH ENGINEERS . . .
to investigate physical laws to extend scientific
knowledge—or applied research to solve specific
manufacturing problems, develop new apparatus.
DESIGN ENGINEERS . . .
to design all types of electrical apparatus to meet
new or specialized requirements. Such work involves
not only the writing of mechanical and electrical
specifications but the selection of materials, manu-
facturing processes and many other functions.
DEVELOPMENT ENGINEERS . . .
to evolve the desired product in physical form; to
steer the product through infancy until it is a
success.
APPLICATION ENGINEERS . . .
to analyze new projects, recommend needed equip-
ment; and to decide what type of apparatus will do
the best job for the customer.
SERVICE ENGINEERS . . .
to direct installation and repair at the customer's
plants; to handle emergency breakdowns. G-10003
These are but a few of the many oppor-
tunities for engineers in the electrical field.
There are many others—in sales or manu-
facturing at Westmghouse. Begin plans for
your future by sending today for your free
copy of "Finding Your Place in Industry."
Westinghouse 1
PLANTS IN 25 CITIES . . OFFICES EVERYWHERE
41•111111•11.
To obtain copy of Finding Your Place in Industry, consult
Placement Officer of your university, or mail this coupon to:
The District Educational Coordinator
Westinghouse Electric Corporation
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Reduce Cost of Heat Treating Phosphor Bronze
Roller hearth radiant tube heated furnace using
prepared atmosphere for bright annealing.
Here are the
processes...
Customers of Phosphor Bronze Smelting Company,
2200 Washington Ave., Philadelphia, started the
whole thing—they demanded more Elephant Brand
Phosphor Bronze products than the company could
produce by former methods of heat treating.
Atmosphere generating equipment used with
bright annealing furnace.
So company production engineers, already familiar
with GAS and Gas Equipment, specified the modern
method of heat treating—with continuous, auto-
matically-controlled, Gas Furnaces, with integral
prepared atmospheres.
Process—*Homogenizing—a method of heat
treating to develop uniform grain structure in
phosphor bronze billets prior to rolling,
while relieving casting strains.
Temperature-1200° F.
Cycle-6 hours
Furnace Capacity-2000 lbs. per hour
Process—Annealing of bars and sheets in a
prepared-atmosphere furnace to retain bright-
ness while relieving stresses set up during
rolling or drawing operations.
Temperature-1200° F.
Cycle-40 minutes to 3 hours, varying with stock size
Furnace Capacity-5000 lbs. per hour
Here are the
results. . . .
1. Pickling process eliminated
2. Production increased 80c,-
3. Uniformity of heat treatment assured by
automatic control
4. Annealing and homogenizing costs reduced over 50%
5. Working conditions improved
AMERICAN GAS ASSOCIATION
420 LEXINGTON AVENUE, NEW YORK 17, N.Y.
Throughout industry modern Gas Equipment
has established cost-cutting and time-saving
records wherever GAS heat treating methods
and machinery have been integrated in pro-
duction-line processes.
MORE AND MORE...
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"Our Safety Is Our Speed"
World War II proved the truth of Emer-
son's words; post-war America will not
forget them. Millions of dollars and man-
hours spent in research are providing the
groundwork to keep us first in the air.
The picture above was taken in a Stand-
ard Oil laboratory devoted entirely to
experiments with combustion in jet en-
gines. New fuels are tested, their per-
formances analyzed. These experiments
will provide information that will help
—Ralph Waldo Emerson
Standard contribute to the vast develop-
ment of jet propulsion, which has already
resulted in speeds greater than those of
the fastest wartime planes.
In all of Standard's activities, strong
emphasis is placed on pioneering, on re-
search conducted by able graduates of
America's leading schools of science and
engineering. Throughout our company
there are unlimited opportunities for the
finest theoretical and practical skills.
Standard Oil Company
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Christmas comes but once a year! It is a
time of glad tidings and good cheer. At
Christmas time, it was, initially, the practice
to aid the less fortunate by the giving of food,
clothing and useful implements. There was
realism and satisfaction in being able to help
in any way, whether great or small. As civil-
ization developed and became more complex,
the primary spirit of Christmas began to take
on a different meaning—commercialism. The
various peoples strived for things material,
for things practical. The trend was, and is
toward the gaining of knowledge through ed-
ucation, the acquisition of property and
wealth. The quest for romanticism, for ideal-
ism, for spiritual things has become sec-
ondary in importance.
At this Christmas time, when you you
grasp the hand of your friend and say "Merry
Christmas," do so whole-heartedly, with
thoughtfulness and sincerity—it will make
you feel better inside—you will gain the re-
spect of your friends—your personality will
become radiant. Do not let this spirit die
with the passing of the Old Year—continue
the practice into the New Year—you will be
the better and happier person for doing so.
P.M. M.
Please--
Almost everyone has, at some time, read a block of printed matter in which the ideas the writer at-
tempted to express were not apparent after one reading. So the reader was obliged to start over again,
digging his way through the material in hopes of uncovering some real meaning. Of course, when an
article is written from a purely journalistic standpoint, where the author has been trained in the knack ofmanipulating words on behalf of any subject with little or no learning in the subject discussed, there is aptto be no meaning at all. This is often the case in syndicated newspaper columns and other features articles.
The engineer, on the other hand, is well-schooled in his subject; he can be proficient in the use of suchtools as mathematics, analytic ability, or imagination, but at the same time he is frequently deficient inlinguistic skill.
This deficiency answers for two serious failures in the life of the technical man: first, he is unable tofully gain the results of others' experiences, and secondly, he cannot accurately convey his own experi-ences to others. It is by the first of these activities that the engineer receives his education, and by thesecond that he makes his living.
Throughout the country today, there are thousands of engineering students who must struggle witha cluttered mass of words, either printed in a textbook or delivered from the lecture room, before com-prehending sufficient substance for preparing an assignment. Similarly, there are probably many expe-rienced engineers who would find increased success with an increased word power—where word powerimplies clarity and simplicity as well as vocabulary.
It might be said that, by his use of mathematics, the engineer is able to substitute character-symbolsin place of words. By this means he is not necessarily any closer to a precise expression, since often themagnitude of a quantitative symbol (and always the implication of an operational one) are, in the lastanalysis, understood only in terms of words. Generally speaking, people think in words. It is, therefore,reasonable that our education should place as much emphasis on English as it does; moreover, it wouldseem that our training in the use of language is somewhat lacking. Not only is the engineer's languagea tool of importance equal to any of his others as far as parallel usefulness is concerned, but it is the un-derlying factor that determines how keen each of the other intellectual tools at his command really are.




Modern Storage For Volatile Fluids
Editor's Note: Much of the material
used in the writing of this article was
borrowed from the Chicago Bridge &
Iron Company, a leading manufac-
turer of spherical tanks. Several of
the photgraphs showing the erection
of one of these tanks at Robinson, Illi-
nois, were supplied by the Ohio Oil
Company.
In the petroleum and chemical in-
dustries, developments have been
made in recent years that have
brought about the need for a more
efficient method of storing liquids
and vapors. New, highly volatile
fuels, developed for high compression
engines, had certain components that
could not be held in ordinary cylin-
drical tanks without considerable
evaporation losses. It became neces-
sary to hold vapors in large quanti-
ties under pressures unattainable in
ordinary storage tanks. To meet the
demand for better storage facilities,
the spherical tank was developed.
It is not known by the writer how
the inspiration for the design of the
spherical tank was first conceived.
But it is possible that the idea may
have sprung from the soap bubble.
The soap film takes the course of
By J. W. Price, Sr., m.e.
least resistance, and takes a spher-
ical shape so that all parts of the film
are nearly equally stressed. The pres-
sure inside the bubble is greater than
that of the atmosphere. The differ-
ence in pressure is approximately
equal to twice the surface tension ot
the film per unit length, multiplied
by the circumference of the bubble,
all divided by the area of a great
circle of the bubble. In the soap
bubble, nature designed the ideal
vessel for holding gas. A good bubble
has no excessive soap film, utilizes
all the film to form the bubble, and is
uniformly stressed in all parts.
In ordinary cylindrical tanks the
top and bottom, or flat surfaces on
the ends, scarcely strengthen the
shell of the tank. The tank simply
buckles when a relatively small
amount of pressure is applied. In a
spherical tank the shell is rounded in
a smooth manner to make a direct
connection with the top and bottom.
No stress concentrations are set-up
by relatively abrupt changes in curv-
ature of the steel shell. This construc-
tion not only permits the use of thin-
ner plate because all the shell is
under nearly equal tension, but also
Below: Crane placing mid-section plates in position for welding.
Right: Final construction before dismantling of crane. Top plates are
affixed after crane is re-assembled on outside.
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permits higher pressures than other-
wise would be economical.
The spherical storage vessel was
designed primarly to resist internal
pressure. It is used to store liquids
requiring storage pressures from
about 25 to 100 or more pounds per
square inch. It finds its greatest use
in the petroleum industry, where it
is necessary to store the more volatile
grades of natural gasoline, butanes,
butane-propane mixtures and volatile
refinery stocks. To compute the
proper design pressure for a tank it
is necessary to know the vapor pres-
sure of the product to be stored at
one of two particular temperatures.
The accompanying vapor pressure
chart can be used for this purpose. A
straight line drawn through any
given temperature on scale T at the
left, and the point representing the
product, will show on scale P the
vapor pressure of that product at
that temperature.
It will be noted that on the chart
the pivot points for all pure hydro-
carbons fall on the same line. The
pivot points for other pure com-
pounds shown on the chart fall to the
left of the pure hydrocarbon line.
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For mixtures of two or more hydro-
carbon components, if a vapor pres-
sure corresponding to some particu-
lar temperature is known, a pivot
point for the mixture can be located
on the pure hydrocarbon line. Then,
using this pivot, the vapor pressure
corresponding to any other tempera-
ture can be read from the chart. For
example, if a butane blend has an
absolute vapor pressure of 56 pounds
per square inch at 100 degrees Fah-
renheit, the vapor passure at 80 de-
grees Fahrenheit would be about 40
pounds per square inch. This exam-
ple is illustrated by the dotted lines.
The procedure for mixtures or blends
is not strictly correct, but for the pur-
pose of computing the required stor-
age pressure it will give sufficiently
accurate results.
Because of their size, large spher-
ical vessels are field constructed. The
plates that form the shell are formed
and cut to the proper size and the
edges prepared for welding in the
shop. The principal connections to
the shell, such as nozzles and sup-
ports, are usually welded in place in
the shop. The tanks are usually de-
signed with a factor of safety of four
against structural failure in the shell.
This factor of safety is specified by a
code established jointly by the Amer-
ican Petroleum Institute and the
American Society of Mechanical En-
gineers. The shell is designed for the
working gas pressure and, in liquid
storage spheres, a liquid load of 42
pounds per cubic foot. With steel
having a minimum tensile strength
of 55,000 pounds per square inch, a
unit stress of 13,750 pounds per
square inch is used. Welded con-
struction is used throughout; the
shell joints are butt welded. The butt
welded joint efficiency is taken as 80
per cent, resulting in a design unit
stress of 11,000 pounds per square
inch on the gross section.
A spherical vessel for liquid stor-
age is supported by a number of tub-
ular columns attached at the equator
of the shell. The upper section of
each column is welded to its partic-
ular shell plate in the shop, and the
entire assembly is stress relieved.
Rods and turnbuckles are attached
to carry the wind load to the
foundation. Each column rests on an
individual concrete pier. The founda-
tions are normally designed for an
allowable soil bearing pressure of
4,000 pounds per square foot during
the water test. The design can be
modified to suit unusual local condi-
tions such as earthquake and hurri-
cane loads.
Liquid storage spheres generally
are tested by filling with water and
applying air pressure until the most
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highly stressed joint in the shell is
stressed at 150 per cent of the design
stress. The supports for gas spheres
are not normally designed for a liquid
load and the test is made with air
pressure only. The test pressure
under this condition is usually 125
percent of the design pressure.
Pressure storage of volatile liquids
affords a positive means for prevent-
ing or reducing evaporation losses.
A spherical tank will reduce evap-
oration losses in case the vapor pres-
sure in the tank becomes so low that
the vacuum vent opens. Under these







































able because the air admitted will be
forced out, carrying with it some
vapor, when the tank is next filled.
It is possible, however, to prevent all
breathing losses even though air is
present by employing the maximum
working pressure given by the fol-
lowing equation:
(T+460) 
(1) (A +p) (P—A)
( t+460)
(1)—guage tank pressure at which
pressure vent opens.
A—absolute tank pressure at which
vacuum vent opens.
































































Imagine living in a large oven that
is comfortably warm, light and well
ventilated. That is the modern defi-
nition of air conditioning. The warm-
ing effect comes from the surfaces of
the floors, walls and ceilings, and not
from radiators, warm air registers or
stoves.
Although this method of heating
may not appear as new to the current
generation, it is really a system that
has been rediscovered. In history,
it is recorded that wealthy Romans
residing in England built homes with
dual walls having an air space be-
tween them. The floor and the walls
were constructed of non-inflammable
materials. The smoke and heated air
rose into the space between the walls
after an open fire had been built in
the basement. Although the walls
and the first floor were heated to pro-
duce the warming effect, no comment
is made concerning the Roman
housewife relative to cleaning and
dusting problems.
It is believed that an English de-
signer, some forty years ago, found
that at the same constant tempera-
ture, one room of his house was more
comfortable than another. This was
due to the warming of one wall of
the more comfortable room by fur-
nace flues. By embedding warm
water pipes in the walls of other
rooms, he was able to reproduce sim-
ilar effects.
In the United States in 1909, an at-
By Paul M. Miller, jr., ch.e.
and
Edwin Tao, sr., m.e.
tempt was made to utilize this form
of heating. In the village of Glen
Park (later incorporated as Gary,
Indiana) a small, two-story brick
school building was erected. Steam-
carrying pipes were suspended be-
tween the floor joists over which the
conventional wood floor was laid.
More recently, on the campus of
the Georgia School of Technology, an
eight-story student apartment build-
ing is being constructed. The build-
ing is in the form of the letter H; one
wing will be heated by means of
pipes concealed in the concrete floor
slabs while the other wing will be
heated by the conventional convec-
tors. It is believed that this apart-
ment will furnish accurate data on
the differences between radiant and
convector types of heating systems
since the construction in both of
the wings will be identical and that
hot water will be used throughout.
Probably, at one time or another,
you have noticed that when the
temperature of the air outdoors was
70°F, an indoor temperature of 70°F
felt comfortable. On the other hand,
when the outside temperature hov-
ered around zero, even though the
thermostat should be set at 80°F, it
was likely that you felt cold in the
house. There is a perfectly good rea-
son for this condition. The outside
walls of the house were cold and the
thermometer does not register quan-
Welding wrought iron piping in grid-type pattern.
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tity of heat; it merely registers the
temperature at a certain point.
Perhaps at this time, a review of
the elementary physics involved
might prove worth-while. Heat flows
from a hot to a cold object; never
from a cold object to a hot one.
Should a hot iron be placed near a
cold one, but not touching it, the cold
iron will partake of the heat of the
hot one. This process might be
termed radiant heat transfer.
The average human body dissi-
pates approximately 400 Btu per
hour, of which about 190 Btu are lost
by radiation, 120 Btu by convection,
and the balance by evaporation and
respiration. The normal metabolism
of the human being makes the body
warm, and therefore, a radiator.
Since the walls are cold in winter,
heat will be extracted from the body
at a rate greater than 400 Btu per
hour, and the human body will feel
cold. Other minor causes of this chill-
ing effect may be attributed to the
air temperature, air movement and
humidity.
The object of radiant heating is to
maintain an average temperature of
the surrounding surfaces in order
that the body heat loss may be re-
duced. The air itself need not be
heated and, in fact, fresh air may be
circulated through the house at all
times without discomfort to the occu-
pants. Theoretically, it would be pos-
sible to leave the front and back
Wrought iron piping and reinforcing material form basis of floor.
Cuts courtesy A. M. Byers & Co.
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doors open, allowing the gentle
breeze to blow through, at the same
time permitting the occupants to re-
main comfortable. By imposing these
conditions upon the heating system,
the coal pile would dwindle rapidly
and the monthly fuel bill would take
on astronomical proportions.
The most widely used method in
installing radiant heating plants at
the present time is to embed coils of
pipe in the floors of the house. Today
many houses are erected on the sur-
face of the ground, without base-
ments, and the pipes are placed on
rocks or sand beds. The sand serves
as an insulator and the cement is
poured over the pipes to construct
the floor. There is no danger of
cracking the cement since the tem-
perature of the water flowing
through the pipes will not go above
1100, which is about the tempera-
ture that is reached by the hot sun
beating on the concrete pavement in
the summer time. The expansion of
the pipes is approximately the same
as that of the concrete. It is also pos-
sible to install pipe coils in the walls
of the house and to insulate them
from the weather so that the heat will
radiate toward the rooms. It will not
be necessary to install pipes to the
tops of the walls as several feet will
suffice. Pipes have even been in-
stalled in the ceilings. The temper-
ature of the walls and the floors need
not be high enough to be uncomfort-
able to the feet and hands of the
occupants.
In designing any heating system, it
is best to determine the individual
heat losses of the structure. It will
be necessary to know the climatic
Radiators used behind floor base-boards.
Cut courtesy Base-Ray Corp.
Asphalt topping applied over floor piping
system.
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conditions of the locality where the
building is to be located, the sizes of
the individual rooms and the orienta-
tion of the rooms. The climatic condi-
tions generally include the prevailing
winds, the average heating required
expressed in degree-days, and the
over-all temperature range.
The conventional method is to cal-
culate for the heat losses through the
wall, ceiling, floor and glass areas.
This may be accomplished with the
aid of the equation:
H==A x k x (t9—t1)
where:
H—heat loss in Btu per hr
A—net area in sq ft
k—heat conductivity of the
material in Btu/hr/sq ft/°F
t—ti—temperature difference be-
. - tween two sides of the ma-
terial expressed in °F
And the heat loss due to infiltration
may be calculated by the equation:
x c x (t2—t1)
55.2
where:
V—total volume of the room
in cu ft
c—number of air changes per
hour
The values of k and c may be found
in many reference books and publi-
cations. Since the temperature differ-
ence is usually taken as 70°F and k
for glass is 1.13, k for ordinary 4 inch
brick veneer with metal lath and
plaster as 0.35, and an air change of
11/2 changes per hour, the calculation
of heat loss may be simplified by us-
ing the following substitutions.
Heat loss through wall area—A
x 25 Btu per hr
Heat loss through glass area—A
x 80 Btu per hr
Heat loss through infiltration—V
x 2 Btu per hr
Usually a 10% overload factor is
allowed for losses through transmis-
sion and infiltration when one side
of the wall is exposed to the prevail-
ing wind, and 15% is allowed for
when two sides are exposed. The total
heat loss of the building is the sum
of the heat losses of the individual
rooms.
The average heating time in degree
days of the locality in question may
be obtained from reference books,
publications or from the U. S. Weath-
er Bureau. The lowest recorded tem-
perature is generally used as a basis
for calculations.
After the total heat loss has been
calculated, it can be used as the basis
for designing the pipe system. Care
should be taken to place the pipework
near windows and other places where
the heat loss is greatest. For floor
heating, the pipe may be arranged in
a continuous pattern, grid pattern or
a combination of both as illustrated
in the diagram, (Fig. 1) . The con-
tinuous pattern is generally used in
wall and ceiling construction.
The temperature of the heating
pipes may be, and usually are, con-
trolled by automatic devices such as
the indoor and outdoor thermostatic
controls, compressed air controls, or
the more recent eupathescope which
registers the temperature of the wall.
The problem of insulation has
caused considerable discussion as to
the amount of heat loss to the ground
or to the outside air. When the ceiling
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Great Men of Science
Almost every well-educated per-
son is familiar with the name of Far-
aday and with his notable achieve-
ments in the electrical realm; yet,
few people have ever considered how
he attained this lofty position in the
scientic world. His notable discov-
eries of magneto-electric induction
and of electro-chemical decomposi-
tion are probably the most familiar
of his works, but by no means repre-
sent the entirety of his scientific re-
search. One of the chief merits of
his work is that he enlarged the
boundaries of our knowledge of the
physical forces and presented the op-
portunities which practical men later
developed into such useful devices
as the electric light, telephone, tele-
graph, dynamo, and magneto.
However, a brilliant career was not
indicated when Michael Faraday was
born in 1791 of poverty-stricken Irish
parents, then residing in London. At
an early age young Michael was
forced into apprenticeship as a book-
binder because of the untimely death
of his father. However, his intimate
contact with books interested him in
their content as well as their binding
and such volumes as Marcet's Con-
versations In Chemistry and Lyon's
Experiments In Electricity soon kin-
dled within him a burning desire for
more scientific knowledge.
Faraday's inquiring mind led to his
attendance at the lectures of Sir
Humphry Davy, the scientific giant
of the day, and much of Michael's
time was consumed in neatly record-
ing notes of the lectures and perform-
ing with crude apparatus some of the
experiments he had seen done. At
the end of Davy's lecture series, the
ambitious bookbinder wrote him
seeking scientific employment and
offered his neatly bound notes as
proof of his interest. Davy, then di-
rector of the Royal Institution, was
duly impressed and agreed to employ
the lad as a laboratory assistant.
Young Faraday took on the new
duties at once and quickly showed
himself so capable that before long
he was able to perform minor experi-
ments as well as serving as Davy's
secretary. Michael joined the City
Philosophical Society, a rather infor-
mal group of knowledge-seeking
youngsters, and made such great
Page 10
MICHAEL FARADAY
By John D. Winters, soph. II
Michael Faraday
strides that Davy, his patron, was
greatly pleased.
In the fall of 1813, Davy and his
assistant began a two-year scientific
tour on the European continent. Far-
aday had the inestimable privilege of
meeting several of the great scientists
of Europe, such as Ampere and
Volta, and observing their theories
and experiments. In reality, this tour
compared to a college education for
the former bookbinder, who previ-
ously had taught himself all he knew
about science.
Upon his return to England, Fara-
day assisted Davy in the develop-
ment of the famous miner's safety
lamp, and in the ensuing paper pub-
lished upon the subject, Davy makes
frequent references to the sugges-
tions of Faraday. Michael also did
some original research concerning
the liquefaction of chlorine gas and
the properties of iodine and naphtha-
lene. Moreover, in 1816, the young
experimenter began to emit some
his knowledge as a lecturer with such
eloquence and skill that presently he
was regarded as the most accom-
plished scientific speaker in the land.
In 1825, he became a member of the
Royal Society and later became a di-
rector of the Royal Institution. Three
years hence, Faraday was made Pro-
fessor of Chemistry at the institution
following Davy's sudden death.
However, Faraday's chief claim to
fame rests upon his original scientific
discoveries rather than upon his lec-
turing. His greatest single discovery
was that of electro-magnetic induc-
tion or the conversion ,of magnetism
into electricity, which today makes
all motors, dynamos, and communi-
cation facilities possible. In 1845,
Faraday demonstrated the ability of
a strong magnetic field to rotate the
plane of vibration of a polarized
beam of light.
His research in the chemical do-
main was impressive also. His dis-
covery of a light constituent of oil gas
called bicarburet of hydrogen, and
later called benzine, proved import-
ant in later years through its reac-
tion to form aniline, an extremely
important organic compound utilized
in the aniline dyes. The work of
Faraday in the liquefaction of several
gases provided an important source
of data concerning the subject.
Faraday was an outstanding citizen
as well as scientist. He was deeply
religious, belonging to a now extinct
sect called the Sandemanians, which
required quite an unusual tempera-
ment and aspect toward life. Pe-
culiarly, Faraday never attempted to
patent or commercialize upon any of
his discoveries, but chose rather to
live as he had always lived. He was
proud of his humble origin and of his
remarkable success, but was very
modest and never assumed any atti-
tude of conceit. His love for children
was shown by his annual holiday
science lectures for them. He served
his government by perfecting the
arc lamps used in the illumination of
nearby lighthouses.
In 1861, he resigned as director of
the Royal Institution because of his
poor health. The difficult work of
his life had taken most of his relent-
less strength, and physical decline
was quick. The rest of his days were
completed in peace and the whole
world paid homage to his greatness
by presenting to him about every
honor possible. While sitting in his
study chair and possibly dreaming
of a "beautiful experiment," he
passed away in 1867.
His work was complete. He had
provided the new aspects of electrical
science that have materialized into
the marvels of today. All of it leads
in a straight line back to one man—
Michael Faraday.
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"Nothing Rolls Like a Ball"
Machines got their start from the
wheel, but their speed has come from
steel ball and roller bearings.
It took about 2,000 years for the
bearing seed to germinate. The idea
was first pictured around 680 B.C.
Not until the Twentieth Century did
it come into its own.
That first picture, carved on a
stone panel, depicted a king of Nine-
veh building a palace. War-captive
slaves are shown dragging a huge
stone on a sledge. Rollers to reduce
friction are shown under the sledge.
But the king's transportation engi-
neer stopped there. He did nothing
about the carts of the day, one of
which is shown in the panel. On the
cart, wood is wearing away wood
with the hub fixed to a turning axle.
Centuries later a Greek architect
improved on the roller idea and
thereby gave his countrymen a supe-
rior war weapon: the battering ram.
Its heavy timber moved on metal
rollers. Greek war chariots, however,
still rumbled on hub and axle. Their
"ground crews" fought friction by
applying animal fats.
The Nineveh cart's hub-and-axle
principle still dominated stage
coaches and fine carriages right down
to our horse-and-buggy days. Even
the advent of the steam engine, with
its higher rotational speeds, brought
only a few refinements in methods of
fighting friction. Like the Greek
By J. W. Price, sr., m.e.
architect and his battering ram, it
took a war to bring out the best in
bearings. The anti-friction bearing
industry, that is the ball and roller
bearing industry, had just shed its
baby clothes by the time of World
War I, aided, however by the expand-
ing bicycle market, slowly developing
automobiles and more general use
of machine tools. When another war
loomed, the country was much better
stocked with improved bearing fa-
cilities.
Today, ball bearings are being
built with features that fit specific
applications. Bearings have been
designed to carry heavy radial loads,
thrust loads, or combinations of both.
Most of the bearings in use today are
some variations or forms of the an-
nular ball bearing. This bearing has
a groove or annulus in its inner and
outer rings in which the balls ride.
The race groove's radius is slightly
larger than that of the balls. It is well
known that a ball pressed against a
flat plate, or a surface whose curva-
ture is opposite that of the ball, has
much less load-carrying ability than
when the ball is placed in a groove of
similar curvature. Balls placed in
the grooves of the inner and outer
races have a greater contact area due
to the similar curvature of balls and
races. Hence, this arrangement gives
greater load-carrying ability, but at
best, the area of contact of each ball
Balls leaving grinder after flashing.
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is a minute ellipse of very limited
area. Therefore, these balls are usu-
ally made of a high alloy steel of ex-
treme strength and hardness.
There are several variations of
the ball-manufacturing method. The
processes described below are con-
sidered general practice, although
not usually followed to the letter at
any one particular plant. Ball-man-
ufacturing companies have produc-
tion and trade secrets, which they
adapt to their production process.
First, a long steel rod, of desired
metallurgical properties, is fed into
a header, a machine which cuts off a
portion of a bar, squeezes it into a
die and ejects it as a rough sphere.
The rod is fed either hot or cold, de-
pending on its initial characteristics
and the qualities desired in the fin-
ished product. Next comes "flash-
ing," a rough grinding to remove
gross imperfections, such as the rim
left around the middle of the ball.
Further grinding brings the ball to
approximate size. After proper heat
treatment for hardness, the balls are
run at high speeds through the mul-
tiple grooves of the lapping machines.
Here the balls are finished to the ac-
curacy desired. Only smaller sizes
get the soft lap treatment—a polish
grinding to extreme accuracy.
The finished balls are run through
sizing gauges and put through sev-
(Continued on page 24)




High-power radiowaves, less than
one foot long, which cause immediate
heating are produced with a new
electron tube developed in the Gen-
eral Electric Research Laboratory.
Many industrial applications of these
"microwaves" such as the heating of
plastics and other materials normally
classed as insulators are foreseen for
future use. The heating of frozen
foods, and possibly even electronic
cooking are other possible uses of the
new electron tube.
The technical details of the new
tube and the equipment used with it
are given in the issue of the "Jour-
nal of Applied Physics," out today.
This article was written by Dr. Rich-
ard B. Nelson, the person respon-
sible for this new development. He
is the G-E scientist who headed the
group which worked on the tube
which is based on developments made
during the war in the production of
short and powerful radio waves for
jamming the German radar.
Dr. Nelson's high-power micro-
wave tube is the type called a "mag-
netron," invented in the G-E Re-
search Laboratory in 1921. The flow
of electrons through such a tube is
controlled by a magnetic field. In the
ordinary radio tube, such as used in
a home radio receiver, this control
is by a metal grid which carries a
changing electrical charge. Before
the war scientists in other countries,
especially England, devised new
types of magnetrons for use in radar
which would give a short pulse of
short wave radiation at high power.
For the jamming of enemy radar
during the war it was necessary to
produce such waves in a continuous
stream. Dr. Nelson and other G. E.
scientists were able to develop a
whole series of tubes for producing
such waves.
Dr. Nelson points out in articles
which he has already published that,
because of the tubes available, previ-
ous equipment for heating insulation
materials by radio waves has been
limited to the use of waves longer
than 24 feet. The shorter the waves,
the more rapid the heat is given off
by the tube. However, when they be-
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and Harold Lucas, jr., m.e.
come about the size of the object on
which they are used, the heating is
not uniform. Since many of the ob-
jects so heated are of the order of
size of a few inches, it was decided
to develop equipment to produce
waves about 12 inches in length. Ac-
tually that devised by Dr. Nelson
gives waves slightly over 11 inches
long. These vibrate 1,050,000 times
each second. They are produced at a
power of five kilowatts, equal to that
of a large broadcasting station.
Broadcast waves are much longer
and of a lower frequency. Those from
station WGY, for example, are about
1221 feet long, and vibrate at a fre-
quency of 810,000 times per second.
As set up in the G. E. Laboratory,
Dr. Nelson's microwave transmitter
radiates its energy from a small two-
ended antenna. Fluorescent lamps
held nearby becomes luminous. By a
metal object such as a screwdriver
an arc can be drawn from the end of
the antenna. Despite the high power,
this is not dangerous if done care-
fully because of the high frequency
of the electrical vibrations.
Speed of Sound Approached
How soon will supersonic speeds be
attained by piloted aircraft? That is
a question many aeronautical engi-
neers would like to answer but can-
not because of the lack of data on the
performances of planes at those
speeds.
There is evidence, however, that
supersonic speeds are being ap-
proached. Recently the Navy Douglas
Skystreak beat the world's speed
record by traveling at 650.6 miles an
hour which is less than 100 miles an
hour slower than the speed of sound.
To fly faster than sound, an air-
plane must buck and beat the grasp
of an air-grip on the wings of the
plane that holds the craft back and
even might destroy it with its crush-
ing pressure. The airgrip is two pres-
sure waves, one on each surface of
the wing. They extend upward, down-
Cutaway of microwave transmitter antenna.
Cut courtesy General Electric Co.
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F award and backward in a wide V..formation with the wing at the apex.They are the so-called shock waves.The speed of sound is limited by
the elastic limit of the air. Sound
waves, which are actually pressure
waves, travel as fast as the elasticity
permits. Air can accommodate itself
to pressure changes just so fast and
no faster. Sound travels by a series of
concentric waves, leaving the vibrat-
ing object that gives off the sound,
normally, in every direction, with the
forward wave on the outside of an
imaginary sphere. Whatever gives off
sound is in vibration.
The waves cause pressure as they
force their way outward, causing a
molecular vibration in the air. Air,
however, has a definite limit in elas-
ticity. This is what the pressure
changes meet, and what limits the
speed of the waves and therefore of
sound.
An airplane moving through the
air creates pressure waves in every
direction. If the plane is standing still
the pressure waves, perhaps from its
propellers, would radiate in all direc-
tions in any given time. But when the
plane is flying, it tends to overtake
the waves spreading ahead and to
leave behind those spreading rear-
ward.
When a plane travels faster than
sound, all pressure waves would be
left behind because the source of the
disturbance is traveling faster than
the pressure waves. When the plane
travels as fast as sound, that is, in
the transonic range, the pressure
waves can no longer outrun the
source, and hence pile up to form one
continuous standing wave that keeps
pace with the plane. This is the so-
called shock wave that may have
enough force to completely destroy
the plane.
Wing design is one of the most im-
portant factors in the development of
transonic and supersonic planes. For
supersonic speeds, the forward edges
of wings will probably have to be
knife-sharp so that they will cut the
air cleanly. A subsonic airfoil can be
moved at supersonic speeds, but it
is only at a great loss of power.
Engines are available to propel
planes at supersonic speeds, and the
knife-sharp wing may go far in solv-
ing the supersonic problem. There
is still the problem of a type of con-
struction to withstand the high speeds
and the shock pressures. The Doug-
las Skystreak and other planes are
gradually being operated at higher
and higher speeds. What will happen
when the attempt is made to get
through the transonic barrier is made




turbine buckets in gas turbines of jet-
propelled aircraft now can have a
longer life by being coated with high-
temperature ceramic glazes.
For gasolines containing lead, it is
necessary to protect the inside sur-
face of the combustion-chamber liner
by means of a refractory coating,
such as magnesia. For using a cera-
mic refractory tube as the combus-
tion liner, alumina has been found
to be one of the few high-melting
oxides with the strength and the re-
fractory properties for such an ap-
plication.
The life of metal turbine buckets,
which must withstand the chemical
attack of combustion gases, has been
prolonged by coating them with a
high-temperature ceramic glaze ap-
plied very much in the same way as
the glaze on the combustion liners.
Care is taken to see that the thermal
expansion of the glaze is not very
different from that of the metal to
which it is applied.
Since the turbine wheel rotates at
high speed, the buckets must with-
stand high centrifugal stresses as
well. Speeds of 7500 to 20,000 rpm are
not uncommon. It is not known yet
whether solid ceramic materials can
meet the demands of turbine buckets,
and the final answer will depend up-
on numerous investigations now be-
ing carried on in several laboratories.
New Flaw Detector
The American Institute of Elec-
trical Engineers meeting was told by
Donald C. Erdman of Burbank, Calif.
that improved methods of locating
Left: Photograph made with special equipment showing similcrted shock wave.
Right: Douglas Skystreak.
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flaws in large metal forgings by
means of high-frequency sound
waves can be used with parts too
thick to be successfully X-rayed.
Supersonic inspection, as he called
the process, will detect tight cracks
which are not likely to be found by
X-ray methods. The supersonic meth-
od is similar to the techniques in
radar, in which electric impulses are
reflected back by obstacles to the
antenna from which the waves are
sent. When high-frequency sound
waves are sent through metal, waves
that hit a hidden flaw within it are
reflected back.
In this method a small quartz is
used as a transducer, a device to con-
vert electrical energy into pressure
waves, or returned pressure waves
into electrical energy. Extremely
short blocks of radio frequency power
are fed to the transducer, with inter-
vals between the blocks to permit the
receipt of returned waves if there are
any.
There is no well-defined limit to
the thickness of a part that can be
inspected by supersonic means pro-
viding the metal being tested is homo-
genous, and the proper frequency and
power are used.
New Products
Electric motors so small that two of
them can be held in a thimble are
expected to revolutionize many in-
dustries ranging from toy-making to
electric razors. An electromagnetic
principle hitherto unknown in electric
motor design is employed.
Broken line device, recently pat-
ented, for draftsmen who have con-
stant occasion to draw lines composed
of a series of short dashes.
Miniature dynamometer, an instru-
ment to measure force exerted or
power expended, is a three-inch ver-
sion of larger types. Said to be the
smallest of its kind, it is available in
100, 250, and 500 pounds capacity.






The 1947 Rose Homecoming fes-
tivities, although not too festive on
several occasions, proved to be one
of the most universally attended of
all past gatherings. Favored with
good weather the occasion provided
many old grads with an opportunity
to see the old school spirit demon-
strated by the present student body.
After a Saturday morning business
session the Alumni gathered again at
the Terre Haute House for the sixty-
third Alumni Dinner. The dinner,
attended by over five-hundred men,
wives and guests, was one of the
largest of all Alumni Dinners. The
retiring Alumni President, Claude
M. Gray, Baltimore, Md., preside.i
at the banquet at which time he
handed over the reins of the Alumni
Association to Professor Herman A.
Moench, '29, the newly elected presi-
dent of the Association.
The student body looks forward to
the opportunity of extending the hand
of welcome next year and plans are
already being formulated which will
make the next Homecoming the big-
gest and best in history.
Enrollment Reaches New High
Enrollment at the Institute reached
an all-time peak this term with the
registration of 575 students of which
eighty percent are veterans. Among
the student body are representatives
By David Mullen, jr., e.e.
and Jack Weibel, jr., c.e.
from twenty-five states, one territory,
and four foreign countries.
It is possible that a still higher en-
rollment will be reached with the
announcement that applications suffi-
cient to fill the quota for the next
two freshmen classes have been re-
ceived. Freshmen classes will be ad-
mitted in April and December of
1948.
Teaching Staff Expands
Two new instructors have been
added to the teaching staff of
the Civil Engineering Department.
Thomas A. Duwelius, Elkhart and
William J. Hollis, Louisville, Ky.,
assumed their teaching duties at the
beginning of the fall term. Mr.
Duwelius is a recent graduate of
Rose and Mr. Hollis was graduated
from the Speed Scientific School of
the University of Louisville last June.
Also new to the Rose teaching
staff are two foreign-language in-
structors borrowed from neighboring
colleges on a part time basis. Dr.
Harry V. Wann of Indiana State
Teachers College and Dr. Guenther
H. Grueninger of DePauw University
are administering courses in Spanish
and German respectively.
Coaching Staff Expands
James H. Carr, well known in local
sports circles for his ability as a high
school hardwood mentor, has been
Snyder picks up eight yards for the Fighting Engineers.
appointed Assistant Athletic Direc-
tor. Carr will coach basketball and
either baseball or track.
Carr is a graduate of Indiana State
Teachers College where he obtained
his masters degree. At the present
time he is working on a more ad-
vanced degree from Indiana Univer-
sity. Before assuming his present
status at Rose, Carr guided the hard-
wood aspirations of both Otter Creek
and State Laboratory High Schools.
At the present time Poly has sched-
uled twelve contests all of which are
to be played away. Rose has confined
this years' tussels to games with fel-
low members of the Hoosier Col-
legiate Conference.
The student body joins in wishing
Jim Carr a most successful coaching
career at Rose and in particular a
successful basketball season in our
first post-war hardwood endeavor.
Homecoming—Principia vs. Rose
A very beautiful day, Nov. 1st,
marked the homecoming game as one
which would be very enjoyable to
watch; but it was a gloomy day as
far as the Rose fans were concerned,
especially the Alumni.
Kick off time was at 2: 00 o'clock.
Rose kicked to Principia down to the
eleven. The ball seemed to seesaw
back and forth for the first eight min-
utes of the game. Then it happened.
Rose started a march down the field.
Kelley received a pass from the 30
down to the ten that really put the
boys in gear. The Principia team put
up a successful defense, however, and
Rose went back on the defensive.
The second half was opened by
Rose kicking to Principia. The first
scoring in the third quarter was a
field goal made good from the Rose
15 yd. line by Principia. During the
latter part of the third quarter, right
half Punnet cut loose from the Rose
35 all the way down to pay dirt for a
Principia touchdown. The conversion
kick was good. Final score was 24
to 0.
Rose vs. Cedarville (There)
Nov. 8th, the Engineers invaded
Ohio by playing the Cedarville Yel-
low Jackets to a scoreless tie. The
Cedarville team didn't get past the
Rose 35 yard line and to there only
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once. Most of the play was per-
formed in the Yellow Jackets' terri-
tory, the running being done by Sny-
der and Lucas.
Cedarville fumbled seven times,
losing possession of the ball on four
of the seven occasions. The Engineers
rolled to 15 first downs over Cedar-
ville's 3. Rose threatened several
times but was unable to hit pay dirt.
Hanover vs. Rose
The heavy and powerful football
squad of Hanover College took the
limelight from Rose in Rose's last
game of the season, here at Rose
Field, Nov. 15th, by defeating the
Engineers in a 33 to 7 victory. Rose
was able to threaten the Hanover
team several times but the Hilltop-
pers were too much for the lighter
Rose team.
Kick off time was at 2:00 P. M.,
and Rose was the responsible party.
The Hilltoppers received the kick on
the 10 and were, by first downs, able
to bring the ball all the way down the
field into pay dirt. The point after
touchdown was good. Late in the first
quarter the Hilltoppers started an
aerial attack which continued down
the field and was completed on the
first play in the second quarter when
Peterson passed from the 45 to Klein
who promptly lateralled to Treesh on
the 20 who then carried the ball on
over for the touchdown. The extra
point was good. Hanover was able to
score again in the second period when
a weak punt by Smith went out of
bounds and paved the way for the
drive. The extra point was good.
Opening the third quarter, Han-
over drove 80 yards to score again.
The boot for point was no good. Early
in the fourth period the Engineers
came up with their tally. Hanover
lost the ball on down on their own 32.
Larson made a first down on the 22
yard line by a twisting drive through
the middle of the line. Then a screen
play from Ham to Larson down to
the 5 yard line. A penalty on Han-
over put the ball on their own 1 yard
line. Then Lucas went over by a
plunge through the line. A kick for
extra point by A. E. Smith made the,
score 27 to 7.
Hanover scored once again in the
final period. After a steady drive
down to the 5 yard line, Andres
leaped high into the air and fired to
Klein who was waiting for the pass
in the end zone. Kick was not good.
Rose then drove down the field and
threatened once again but was
stopped when Hanover intercepted a
pass on the 30.
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Student Life
By Alex Vogl, soph. II
and Robert Schwier, soph. II
The year 1947 draws to a close. As
most other years, it has been one of
great hopes and equally great disap-
pointments. Our track team was
symbolized by bleak, unoccupied
bleachers, while baseball, basketball
and golf were non-existent. However,
the tennis team, suffering an equal
lack of interest on the part of the stu-
dent body, presented the school with
an unexpected string of victories.
Surveying the social season, we find
that the first six months can quickly
be summarized as starting with the
Military Ball in February, closing
with the Interfraternity Sing in June,
the interim months being clustered
with a frivolous procession of events
consisting of one St. Patrick's Day
Dance. Then came July, and the
probing proletariat took up the gay
life of the bourgeoisie with the ad-
vent of the Sophomore Class' Moon-
light Hop. This wedge into the stal-
wart lines of pacifism was quickly re-
inforced by another successful out-
door dance, this one sponsored by
Sigma Nu Fraternity. The Rose
Wives' Club followed up with their
Ice Cream Social as the football sea-
son approached and our social band
wagon shifted into high gear.
Meanwhile a new generation of
green caps arrived on the campus, im-
bued with the long standing tradi-
tions of the Fighting Engineers and
expecting to participate in this part
of collegiate life.
Now this year of 1947 has come to
a close. It has been a year of enrich-
ing experiences and powerful chal-
lenges. We shall remember the Lost
Greeks for their courage, initiative,
and imagination which they displayed
in the establishment of the Interfra-
ternity Sing and the Barn Dance as
constructive new traditions. Our
thanks to the Rose Wives Club for
the interest they showed through the
various activities which they spon-
sored. The Junior Prom, Moonlight
Hop, the Starlight Ball, and the many
festivities of Homecoming weekend
—all of these, and many more, con-
tributed to our happy memories of
1947. We wish also to congratulate
all those who participated in varsity
sports and thank those loyal fans who
supported them through thick and
thin.
To those of you who are graduat-
ing, God speed you; to those of you
who will return in January, God help
you!




As a result of rush week Beta Up-
silon chapter is happy to announce
the pledging of twenty-one men.
They are: Robert R. Atherton, Louis
F. Barnard, Robert M. Baugh, Phil-
lip E. Eller, Paul D. Ford, William J.
Fowler, Andrew R. Hallden, Row-
land E. Ham, Denzil L. Hammond,
Robert B. Loy, Roger R. Pardun,
Robert G. Ragsdale, Robert F. Rein-
king, James L. Rogers, Max M. Scott,
Albert Seiler, William E. Slagley, Jr.,
Ralph K. Sparks, Charles B. Strick-
land, Ivan W. Terry, and Frank G.
Walker. Previous to the pledging
ceremony on October 27, a baguet
was held for the new men.
During the homecoming weekend
the chapter was visited by a large
number of alumni. After the tradi-
tional bonfire on Friday night, an
open house was held for all actives,
pledges, and alumni and their dates,
wives and friends. The fraternity
house was appropriately decorated
for homecoming with a large replica
of Rosie, and the words "Welcome
Alumni" across the front of the house
in large letters. The chapter wishes
to thank Fred Mueller, who was in
charge of the decorations, and all
who helped him, for a fine job.
Thanks also to Jim Thompson for a
fine job as rush chairman.
Congratulations to Waldo George
who pinned Beverly Ann Ewing of
Kokomo, Ind.
Lost Greeks
The hi-weekly dinners at Louise's
are getting better and better, espe-
cially when she served special super
deluxe steaks for the regular price.
It spoiled the Greeks though, because
the next time the regular steaks
Lost Greeks "lost" in study of
Epicurean Philosophy.
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seemed small. You can't expect a
good thing to last forever.
These Greeks were at it again with
a Barn Dance November 15th that
proved to be a lot of fun for every-
one. Being of casual character them-
selves, they decided to eliminate
Sunday-Go-To-Meeting clothes and
had for the uniform of the day plaid
shirts and blue jeans. In fact high
heels and ties were restricted. The
program included square dancing,
straight dancing, and some surprise
stunts that gave everyone a lot of
laughs. The Committees for the
dance: Mal Burdett, General Chair-
man; Dick Elstner, and Jerry Stam-
baugh, Decorations; Bill Buechler
and Clayton Taylor, Tickets; Jim
Leonard and Bill Young, Hayride.
Bill Hollis of the Civil Engineering
Department comes from the Univer-
sity of Louisville and as a former
member of Triangle Fraternity there,
is now a Lost Greek here. The Lost
Greeks extend an invitation to all
men on campus who can't joint one
of the four fraternities here for rea-
son of being a member of another fra-
ternity to join them in their regular
bi-weekly dinner meetings.
Lambda Chi Alpha
As a result of rush week, the chap-
ter is happy to announce seventeen
new pledges. They are Edward Bol-
linger, Jim Boyd, Norman Taylor,
William Tilton, all of Terre Haute;
John Drane, Clinton, Ind.; William
E. Caudill, Indianola, Ind.; Verle W.
Fiegle, E. Chicago, Ind.; Phillip C.
Gardner, Greenfield, Ind.; Morton
Hief, Jasper, Ind.; Wiley Hutcheson,
Brazil, Ind.; John Johnson, Palestine,
Ill.; Ogden Keifer, Charlestown, Ill.;
Richard J. Kuehl, Chicago, Ill.; Ron-
ald Lange, Chicago, Ill.; Billy G.
Pittman, Troy, O.; Ray Summerlot,
Bowling Green, Ind.; Carlyle H.
Wokasien, Buffalo, N. Y.
The chapter wishes to thank the
mothers' club for their great assist-
ance in furnishing refreshments dur-
ing rush week.
On Monday evening, Nov. 2, the
fraternity held a pledge dinner for
the new pledges. About fifty mem-
bers and pledges attended.
The social function for December
was a Christmas dance held at the
Deming Hotel on December 5. Leo
Baxter and his orchestra furnished
the music.
Alpha Tau Omega
Indiana Gamma Gamma chapter
had a busy month of rush and pledg-
ing. The parties were conducted in
the theme of a wild west gambling
party with bar, roulette, and play
money. Several weeks were spent in
decoration of the house and addition
of a spirit- of authenticity to the occa-
sion. After the Saturday party the
social chairman, Tex Hudson, took
over, to use the decorations of rush
for a late open house. Refreshments
of pumpkin pie and ice cream closed
the party, while Sunday morning
was spent in hurried cleaning for the
afternoon parties.
On October 27, Monday evening,
the pledging ceremony took place
and 15 men were pledged. They are:
James Gaston, Dale Carey, Joseph
Mees Jr., Max Clingerman, Jack Hill,
Paul Godwin Jr., Alexander King
Jr., and Jayson Brentlinger, all of
Terre Haute; Richard Weatherford
and William Orbaugh of Indianapo-
lis; Michael Cvengros of Clinton,
Ind.; Francis Terry of E. Chicago,
Ind.; John Holmes Jr. of East Orange,
N. J.; .John Zehr of Jasper, Ind., and
Clifton Doak of Effmgham, Ill. A
short party and boress was held
after the pledging.
Theta Xi
Kappa chapter held four rush par-
ties during the weekend of October
24, 25 and 26. Entertainment was fur-
nished by Brothers Campbell, Sil-
verman, McGlone, McFarland, Mil-
ler, Nevins, Mitten, Haupt, Bryant,
Flanagan, Skelton, Stone, McNeil,
Stieff, Mabley, and Hurt. One of the
highlights of the occasion was Mc-
Glone's act. Brother McGlone, by
constantly adding to his repertoire,
has proven himself a past master in
the art of acquiring unusual informa-
tion.
The house was in excellent order
for the rush week event. New rugs
decorated the living room and en-
trance hall, while the upstairs was
repainted. The chapter's new sign
was also erected and proved a wel-
come addition to the general appear-
ance of the house.
On October 27 at a formal cere-
mony, the following men were
pledged to Theta Xi: William C.
Weaks, Jr.; Royce D. Wright, Jr.;
John S. Tonetti, all of Terre Haute,
(Continued on page 18)
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• on a "wedding ring"
This is the "Sea Breeze," a machine developed by
Western Electric engineers. It solves the problem of
winding wire half the thickness of a human hair on a
toroidal core the size of a wedding ring. Compressed
air drives the flyer which maintains the wire under
positive tension at all times, winding as many as
40,000 turns of #46 wire on the core. It winds finer
wire than any previous machine, lays turns more uni-
formly, winds a wider range of wire sizes, increases
efficiency in utilization of winding space and permits




Here, palladium and nickel tape are welded together
at the rate of 400 feet an hour. Tiny bars are later
snipped from this bi-metal tape and used to replace the
precious pinhead-size platinum rivets once used as
contacts in Bell System relays. These contacts, which
minimize noise in telephone conversation, are used by
the billions in relays that perform switching opera-
tions. The use of this bi-metal tape ... devised by Bell
Telephone Laboratories scientists and produced on
machines developed by Western Electric engineers
. . . saves millions of dollars a year in the cost of
producing telephone equipment.
Engineering problems are many and varied at Western Electric, where
manufacturing telephone and radio apparatus for the Bell System is the primary
job. Engineers of many kinds—electrical, mechanical, industrial, chemical,
metallurgical—are constantly working to devise and improve machines and proc-
esses for mass production of highest quality communications equipment.
Wesiern Electric
TWA UNIT OF THE BELL SYSTEM SINCE 1882 T
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Ind.; Charles W. Moehring, Stamford,
Conn.; Jo Dean Morrow, Lebanon,
Ind.; William B. Woolcott, Harris-
burg, Illinois; Donald 0. Springman,
Indianapolis, Ind.; Joseph D. Mum-
mers, Burlington, Ind.; Robert A.
Haswell, St. Petersburg, Florida;
Allan T. Junker, Cincinnati, Ohio;
Lamar C. Michaels, Riverside, Ill.,
and John A. Smith, Robinson, Illi-
nois.
On Friday evening, October 31, a
banquet was held at the Deming
Hotel for the alumni of Theta Xi.
Gifts were presented to A. Stevens,
Kappa 29, and Louis Fellwock,
Kappa 313, who proved to be of all
the alumni present, the ones with the
lowest and highest Kappa Numbers.
Guests at the banquet included Dr.
and Mrs. Prentice, Professor and
Mrs. Wischmeyer, Professor H.
Moench, Lt. Col. and Mrs. Rhode,
Professor and Mrs. MacLean, Dr. and
Mrs. Howlett, Dr. and Mrs. Sousley,
Professor and Mrs. Knipmeyer, Dr.
and Mrs. Kirchner, Miss H. Mahley
and Dr. and Mrs. Knight. Following
the School Bonfire, a Stag Party was
held at the chapter house.
The winner of the Scholarship
Award, presented to the Theta Xi
showing the most marked improve-
ment in scholastic standing for the
term ending September 30, 1947, was
Max Lindley. Results were com-
piled by Louis Kelley.
Monday evening, November 10,
marked the pledging of the following
men to Theta Xi: Merlin L. Stanfield',
Martinsville, Ill., and Donald R.
R. James of Clinton, Ind.
Bill Berling, chairman of the social
committee, has announced that
plans are completed for Theta Xi's
annual Christmas Formal Dance. The
Dance will be held at the Mayflower
Room, Friday night, December 5th,
from 9 to 12 p. m. Music will be fur-
nished by Bob Boy11 and his Band.
Blue Key
With its share of the Homecoming
dance profits, Blue Key has em-
barked on a program of improving
facilities in the recreation room. Sev-
eral new ping pong paddles have
been purchased and two of the lounge
chairs are in the process of being re-
upholstered.
Blue Key elected new officers in
November. A. E. Smith was selected
as president; Norm Pera as vice-
president, William Blount as secre-
tary-treasurer, and Karl Hauser is
the new corresponding secretary.
During the honor assembly which
was held on November 13, Blue Key
Alumni News
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Service Manager with the
Bell Telephone Co. at Akron, Ohio.
Carl R. Wischmeyer has37 returned to Rice Institute,
Houston, Texas, as Assist-
ant Prof. of Electrical Engineering.
Hubert H. Wittenberg is now with
RCA at Lancaster, Pa. He is also tak-
ing graduate work at Franklin and
Marshall College.
H. Rolland Buell has re-
ceived his M.S. degree
from the University of Il-
linois and has taken a position with
Delco Radio in Kokomo, Ind.,42 Jamesngine eRrh. Brownit  the 
Snow
is ChiefnoE
Hill Coal Corp., Terre
Haute, Indiana.
Carl Miller is now an en-
gineer with the New Mex-
ico State Highway De-43
partment.
Alan W. Ker has received his M.S.
Degree from M.I.T., and has taken
a position with the Linde Air Prod-
ucts Co. in Indianapolis. Mr. and Mrs.
Ker also announced the arrival of a
baby girl, Karen, born October 2,
1947. Congratulations from the
TECHNIC!!
Richard C. Mott is now with the
Minneapolis-Honeywell Regulator
Co. in Chicago.
Mr. and Mrs. James F. Armacost
announce the arrival of a son, Geof-
frey Francis, born September 16,
1947. Congratulations from the
TECHNIC!!
Mr. and Mrs. Harry D. Frye an-
nounce the arrival of a daughter,
Elizabeth, born November 1, 1947.
Congratulations from the TECHNIC!
Donald Kersten has taken
a position as Asst. to En-
gineer with Conditionaire,
Inc., Peoria, Illinois.
There is a dearth of information in
our office about you gentlemen. Miss
Gilbert is at present editing a new
alumni register for our new cata-
logue. We have been able to obtain
a few bits of news about you grads
from her. However, we would like
more than locations of your new res-
idences to write about.
Every week we get notices of new
addresses to send the TECHNIC.
Let's make it a rule to include in your
notes something about your latest
status in the industrial world. I don't
mean just the statement of the title
of your new duties. It isn't necessary
that you have to move to have an
excuse to write us, either. Why don't
you drop us a line right now? Write
about yourself what you would like
most to know about your old class
mates. They are eager to hear about
you!
'46
tapped four men who are outstanding
in extra-curricular activities. These
men are Harold P. Lucas, David M.
Mullen, Edward A. Koonmen, and
Mark J. Orelup.
Tau Nu Tau
Tau Nu Tau has begun a new and
more active life. In the past its activ-
ities have been limited to the Mili-
tary Ball, but now so that its mem-
bers and the school may benefit more,
Tau Nu Tau has planned a new series
of activities. Moving pictures and
speakers who will cover a wide range
of military subjects have been sched-
uled for assemblies. One of the first
speakers will speak on bacteriological
warfare.
The Military Ball will, of course,
continue to be the "big" event of the
year, and plans are now being laid
for a new and different Military Ball
to be held in February.
Officers who will lead the more ac-
tive Tau Nu Tau are: Herb Patter-
son, Pres.; Bill Schumann, Vice
Pres.; Bob Cassidy, Treas.; Bob
Grant, Sec.; Program Committee:
Bert Weinstein, Dave Mullen, and
Bob Grusis; Publicity, Mark Orelup.




Down go the curtains. Off go the lights.
And as the film begins, the class becomes alert, at-
tentive, absorbed. Photography is graphic...
Because it's graphic, educators use films to bring
the breath of life into the classroom. . . to give new
meaning to the teaching of history, science, mathe-
matics, and other school subjects.
Because it's graphic, industry uses films to remove
employee relations from the realm of the abstract . . .
to give vivid impact to health and safety campaigns
. . . to explain clearly the "hows and whys" in train-
ing programs.
Because it's graphic, advertisers use films to bring
out a product's allure. . . to picture its promise in
true-to-life detail. . . to arouse and hold their pros-
pect's interest.
This characteristic—with others equally unique—
gives photography broad applicational scope. For an
introduction to some of its most important functional
applications, write for "Functional Photography."
It is free, of course.
Eastman Kodak Company, Rochester 4, N. Y.
is advancing business and industrial technics
RADIANT HEATING
(Continued from page 9)
and interior wall system is used, the
problem of insulation can be readily
solved. For walls facing the outdoors
and for piping, the problem becomes
more complex. Recently, in order to
overcome the loss of heat to the out-
door air, a house was constructed
wherein aluminum sheets were
placed between the piping and the
outer brick wall. The aluminum
sheets act as deflectors and the heat
is directed inward toward the room.
A panel floor slab loses heat in two
directions — from the perimeter
through the foundation into the at-
mosphere and from the slab directly
downward into the soil beneath the
house. Although this was a well-
known fact, the magnitude of these
losses was not appreciated in many
of the early installations in which in-
sufficient or improper insulating ma-
terials were used, according to re-
ports published by the Bureau of
Standards (Jan. and Feb., 1946) .
To eliminate this undesirable heat
loss, a fill-6 inches to 2 feet—of
gravel, cinders, sand, etc., was used
with the slabs and pipes placed atop.
It was soon discovered that ground
water worked into the fill. Now it is
recommended that a tank method be











Pertinent Factors About Radiant Heating:
1. Radiant heating is a method of maintaining comfort conditions in en-
closed spaces by limiting the heat loss from the human body by radiation
and convection.
2. The radiation units are out of sight and do not occupy floor space which
can be used for other purposes.
3. The system can be used for cooling as well as for heating.
4. The floors are warmer and the cold air currents along the floors are
minimized.
5. The air currents within the room are reduced.
6. The initial cost of the system compares favorably with the ordinary
heating systems.
7. Fuel consumption is less than that of other systems.
8. Radiant heating systems do not harm wooden floors any more than do
conventional heating systems.
9. Air vents are not specifically necessary since most radiant systems are
operated at relatively low temperatures and velocities.
10. Uniformity of air temperatures is maintained throughout the room from
floor to ceiling.
11. So far as is known, none of the commonly used floor covering materials
(well-dried lumber, linoleum, rugs, asphalt tile, etc.) will suffer from
the use of floor coils.
12. Intensive investigation indicates that there has been no trouble due to
drying out of furnishings in the floor heating installations that have
been made.
13. With the even distribution of heat there are no excessively dirty spots
in the rooms; hence reduction of dirt deposits; dirt streaks on walls will
not be troublesome.
14. Plaster that has been properly applied will not be affected.
15. Concrete that has been properly poured will not be affected.
16. Heat loss into the soil with any type of heating system is not an easily-
determined quantity. If good insulating materials are used beneath the
pipes the heat flow to the ground will be of the order of 10-15% of the
upward flow.
17. Should the piping system become leaky or defective, repair would be
somewhat more involved than ordinary plumbing.
18. Humidity will have to be controlled by some other means.
19. The working substance used in the piping system may be water, air, or
steam. Steam is least used because of the additional expense entailed
in building the network to take care of the increased pressure.
coIJr ...11.10uS COI L.
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• •
comleimAr GRID 4 Comm...Joe all
Figure 1. Current piping patterns.
made waterproof with asphalt or
pitch and filled with a fill. This tank
method keeps the fill in a dry condi-
tion and thus offers the maximum in-
sulating value as shown in Fig. 2:
The waterproof tank construction,
coupled with a one-inch insulation
around the slab edges, appears to be
the best reducer of unwanted heat
flow thus far developed. The tank of
fill may be thought of as a heat stor-
age tank for the heat which will flow
back into the room when the heating
system is cut off.
MEMBRANE.
WATERPROOFING
RIG ID INSLI LAO









WATERPROOFING UNDER TUE FILL
A
Figure 2. Tank-type construction.
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Exploration of ocean depths is made possible by RCA Image Orthicon television camera.
The ocean is a "goldfish bowl"
to RCA Television!
Another "first" for RCA Laboratories,
undersea television cameras equipped
with the sensitive RCA Image Orthi-
con tube were used to study effects of
the atom blast at Bikini...
There may come a day when fisher-
men will be able to drop a television
eye over the side to locate schools of
fish and oyster beds . . . Explorers will
scan marine life and the geology of the
ocean floor . . . Undersea wrecks will
be observed from the decks of ships
without endangering divers.
With the new television camera,
long-hidden mysteries of the ocean
depths may soon be as easy to observe
as a goldfish bowl—in armchair com-
fort and perfect safety.
Exciting as something out of Jules
Verne, this new application of tele-
vision is typical of research at RCA
Laboratories. Advanced scientific
thinking is part of any product bear-
ing the name RCA, or RCA Victor.
When in Radio City, New York, be
sure to see the radio and electronic
wonders at RCA Exhibition Hall, 36
West 49th Street. Free admission.
Radio Corporation of America, RCA
Building, Radio City, New York 20.
Continue your education
with pay—at RCA
Graduate Electrical Engineers: RCA
Victor—one of the world's foremost manu-
facturers of radio and electronic products
—offers you opportunity to gain valuable,
well-rounded training and experience at
a good salary with opportunities for ad-
vancement. Here are only five of the many
projects which offer unusual promise:
• Development and design of radio re-
ceivers ( including broadcast, short wave
and FM circuits, television, and phono-
graph combinations).
• Advanced development and design of
AM and FM broadcast transmitters, R-F
induction heating, mobile communications
equipment, relay systems.
• Design of component parts such as
coils, loudspeakers, capacitors.
• Development and design of new re-
cording and reproducing methods.
• Design of receiving, power, cathode
ray, gas and photo tubes.
Write today to National Recruiting Divi-
sion, RCA Victor, Camden, New Jersey.
Also many opportunities for Mechanical
and Chemical Engineers and Physicists.
RADIO CORPORATION of AMERICA
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FOR YOUR CONVENIENCE...
This new, attractive bottle
base combined with the
famous Higgins color card.
A natural for use right on
your drawing board. Ask
for it at your Higgins Ink
dealer's.
THE INTERNATIONAL STANDARD OF EXCELLENCE
If dealer does not carry them, write direct:
HIGGIIIS CO., INC.
271 AIJNTH STREET, ARO Ofill'A 15, Pi. 1'.














—this is No. 5's stated
performance on grinding
drum shafts—one of the
most vital parts of a pre-
cision bombsight—pro-
duced in lots of 2000.





No. 5 Plain Grind-
ing Machine—made




for diameters up to
about V.
V3A
Brown & Sharpe Mfg. Co.
Providence 1, R. I., U. S. A.
BROWN & SHARPE
SPHERICAL TANKS
(Continued from page 7)
A—atmospheric pressure.
p—vapor pressure at minimum
liquid surface temperature.
P—vapor pressure at maximum
liquid surface temperature.
t =minimum average vapor space
temperature.
T—maximum average vapor space
temperature.
All pressures are expressed in
pounds per square inch and tempera-
tures in degrees Fahrenheit.
For products stored in a spherical
tank the vapor pressure is often high
enough so that no air enters the
vapor space. In this event, the storage
pressure is that required to prevent
boiling of the liquid at the maximum
liquid surface temperature. With no
air in the tank the pressure is cre-
ated entirely by the product vapor,
and the required absolute storage
pressure is equal to the vapor pres-
sure at the maximum liquid surface
temperature.
(2) —P—A
This is the same equation when p
is equal to A.
Equation (1) is used if p is less
than A the vapor space will nor-
mally contain an air-vapor mixture.
Equation (2) is used if p is equal to
or greater than A; air will be ex-
cluded and the vapor space will nor-
mally contain only product vapor.
A spherical tank operating under
maximum pressure, or vacuum, con-
ditions in accordance with equation
(1) will have no breathing evapora-
tion losses within the range of tem-
peratures assumed in the calcula-
tions. It will have some filling losses
due to the purging of an air-vapor
mixture as the tank is being refilled.
The air is unavoidably introduced by
the opening of the vacuum vent as
the temperature of the liquid surface
reaches the low corresponding to the
setting of the vacuum valve.
A globular tank designed and op-
erated in accordance with equation
(2) will positively prevent all losses.
If the air in the tank is not initially
purged, vapor loss will occur when
the air is forced out during the first
filling. Thereafter there can be no
air in the vapor space because the
minimum vapor pressure is greater
than the absolute pressure at which
the vacuum vent opens. On empty-
ing and filling the vessel with liquid,
the pure vapor merely vaporizes and
condenses to keep the pressure in the
vapor space exactly equal to the
product vapor pressure at the liquid
(Continued on page 26)
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"Intellectual improvement arises rom leisure"— SAMUEL JOHNSON
Why housekeeping gets "lighter" all the time
46. . . Woman's work is never done."
True enough. But today's homemaker — aided by her
modern refrigerator, range, water heater, vacuum cleaner
and other appliances finds more time for family and for
leisure.
And what helps these "automatic servants" operate so
dependably? Better materials for one thing.
Materials on the inside — the unseen working parts of
household standbys. Such as alloy steels, new plastics, car-
bon brushes in motors ... lighter, more compact materials
that make appliances stand up longer and handle with ease.
Materials, too, that you can see ... as those stainless steel
surfaces so easy to clean. Or the chemicals in more enduring
waxes and polishes, varnishes and plastic finishes.
Yes, today's housewife enjoys new leisure, new freedom
from drudgery. . . thanks to better materials.
Producing these better materials and many others—for
the use of science and industry and the benefit of mankind
—is the work of the people of UNION CARBIDE.
FREE: You are invited to send for the illustrated booklet, "Products
and Processes," which describes the ways in which industry uses
UCC's Alloys, Chemicals, Carbons, Gases and Plastics.
UNION CARBIDE
AN:D CA 1? 17 OAT CORP 0 ire A TZOZV
30 EAST 42ND STREET 11101 NEW YORK 17, N. Y.
Products of Divisions and Units include
LINDE OXYGEN • PREST-O-LITE ACETYLENE • PYROFAX GAS • BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS
NATIONAL CARBONS • EVEREADY FLASHLIGHTS AND BATTERIES • ACHESON ELECTRODES
PRESTONE AND TREK ANTI-FREEZES • ELECTROMET ALLOYS AND METALS • HAYNES STELLITE ALLOYS • SYNTHETIC ORGANIC CHEMICALS
The Cambridge Recording Gas Analyzer continu-
ously analyzes and records as many as six
constituents, simultaneously. It makes possible
substantial savings in the operation of kilns, pro-
duction of inert gases, and in metallurgical,
petroleum, and other chemical processes. Single
point and multipoint instruments are available for
a wide variety of applications.
Send for Literature
Cambridge also makes pH Meters and pH
Recorders both single and multipoint sampling;
Voltamographs for polarographic analysis and
many other mechanical and electrical instruments
of precision. Send us details of your instrument
problem for our recommendation.
CAMBRIDGE
INSTRUMENT COMPANY, INC.










Give Them More Mileage
STAFFORD HAT AND
SHOE SANITARIUM
108 No. 7th St. C-1654
BALL BEARINGS
(Continued from, page 11)
eral tests to determine accuracy and
spherocity. It would be impossible
to describe here all the tests that are
made on steel balls. The two de-
scribed below are the extremes in ac-
curacy-finding. The first, though not
so accurate, is inexpensive and is
often used as a preliminary test to
Inspection line for bearings.
Page 24
weed out balls that would not pass
following tests. In this test the
balls pour through a chute at uni-
form velocity into a chamber. The
well-shaped spheres bounce just the
right height and execute the proper
arc to escape through a hole in the
opposite wall. The slightest devia-
tion in shape shortens the bounce or
causes the ball to hit off to either side
Multiple-groove grinder face.
of the hole and drop back onto the
chamber floor with a futile thud.
The next test is used on steel balls
that must be of more uniform size
and sphereocity than those used com-
monly in rotating apparatus. Such
instruments as those in airplanes and
bombing sights require accuracy of
this order. If one of the balls of a
bearing in a delicate instrument is
thirty-millionths of an inch smaller
in diameter than the others, it as-
sumes no load. The other balls as-
sume 35 per cent more than the nor-
mal load. Therefore, the balls for
each bearing must be selected so that
their diameters do not vary more
than a few millionths of an inch, and
the measuring device used in select-
ing them must have a precision of
one-millionth of an inch.
A millionth of an inch is indeed a
small distance, being equal to the
wave length of the longest X-rays. If
it were possible to draw two lines
ten-millionths of an inch apart, they
could not be distinguished with the
most powerful microscope using yel-
low light. This results from the in-
ability of an optical microscope to re-
solve two images closer together
than approximately one-half the
wave length of the light used. Meas-
(Continued on page 28)
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ALUMINUM BRAINS FOR THE ASKING
Some day you are going to want to know something that
you won't have learned in college. And won't find in books.
You are going to consider using aluminum for some
purpose where the engineering isn't all spelled out for
you. You'll want facts about aluminum that you can
apply to your problem; and guidance in using them.
When that happens, remember to call on the brains
that have stored up more knowledge of aluminum than
you can find anywhere else. For 59 years this brain has
been gathering facts and experience in making aluminum
useful in thousands of ways.
DECEMBER, 1947
We are talking about the cumulative corporate brain
of ALCOA . . . Aluminum Company of America. When
it goes to work on your problem, the particular kind of
knowledge needed is sure to be found in one or more of
this brain's many parts . . . in the minds of the scien-
tists, engineers, plant men and salesmen who make up
this corporate brain of ours.
Their metallurgical experience, their counsel on
design, their intimate knowledge of aluminum fabrica-
tion and finishes . . . all yours for the asking. ALUMINUM
COMPANY OF AMERICA, Gulf Bldg., Pittsburgh 19, Pa.
MORE people want MORE aluminum for MORE uses than ever
A FIRST IN ALUMINUM
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• It's his. . . it bears his name!
It's the kind of a gift he will
treasure always, for its smartness
is timeless, always in good taste.
All the letters of his name are
custom-linked to your order.
Advance gift announcement . . .
to send in advance of your




In 1441. Gold (14 Lefton)
85.00









16 So. 7th St. Terre Haute
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SPHERICAL TANKS
(Continued from page 22)
surface temperature. In the properly
designed vessel, the pressure is al-
ways within the limits of the relief
vent settings so that the vents should
never operate.
After an exhaustive search of rec-
ords made by this writer, only one
failure among the many hundreds of
installations of spherical tanks was
found. This was the failure of a 38.5
foot hydrogen tank at Schenectady,
New York. First assumptions were
that some air had leaked into the
tank to create an explosive mixture.
However, closer examination showed
that this had not occurred. The
twenty-odd fragments of the tank
were brought together, and a more
careful study was made. Weather
records showed that prior to the fail-
ure there had been a 36-hour period
of sub-zero temperature, followed by
a 27 degree rise in seven hours to ten
degrees Fahrenheit at the time of
failure. Notched impact tests of the
fragments showed that the steel
plates of the tank were very brittle
at ten degrees Fahrenheit. The gen-
erally excellent quality of the weld-
ing was demonstrated by the fact
that only a few feet of the fracture
followed the many feet of welded
seams.
The conclusion reached was that
failure was caused by brittleness of
the steel under conditions existing at
the time. Since that time, recom-
mendations have been made, and are
being followed, to change the charac-
teristics of the steel used in pressure
tank fabrication.
Today spherical tanks are becom-
ing more numerous on industrial
land sites. The advantages of better
service and inexpensive maintenance,
along with safety in operation, make
this type of vessel more economical
for storing volatile liquids.
The finished product.
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ON January 26, 1946, newspaperscarried front page stories about the
new and amazing 100 million volt
"betatron". The heart of this instrument
that enables scientists to peer more
deeply into steel castings to discover
flaws, is a giant hollow glass "doughnut."
With the betatron, men in the field of
nuclear research have already made start-
ling discoveries in the investigation of
atomic energy.
The making of this giant glass tube called
for glass research knowledge and glass-
making skill of the highest degree. And
Corning was ready with the right com-
bination of both. Each of those "dough-
nut" sections you see in the picture had
to be built to the most exacting dimen-
sional tolerances.
Science and industry have learned to
expect Corning to come through with
the answer to any glass problem. For
instance, Corning produced the world's
largest piece of cast glass... the 200"
telescope mirror for famed Mt. Palomar.
And when all other materials failed to do
the job of handling hot corrosive acids,
Corning made glass pipe and glass pumps
that work without a hitch or replace-
ment for years. Thermometer tubing
... miles and miles of it ... with a bore
only 1/8 the diameter of a human hair is
just an everyday job at Corning.
With more than 50,000 different glass
formulae to draw on, Corning scien-
as the betatron. But in every instance
glass is used because it does the job best.
And you'll find after graduation that a
knowledge of glass may help you do a
better job. So why not keep Corning in
mind. We'll be ready to help you all we
can. Corning Glass Works, Corning, N.Y.
ORNING
means tists and glass workers have adapted
... Research in Glassglass to thousands of different jobssome simple, some as complicated
MAKERS OF PYREX OVENWARE AND FLAMEWARE AND 37,000 OTHER GLASS 
PRODUCTS








Chrome Clad Steel Tape
is the best for student as
well as professional use. The
chrome plated steel line is ex-
tra durable—stands up under
rough usage. Coated with
smooth, rust-resistant chrome, it
will not crack, chip, or peel.
Accurate, jet black mark-
ings are easy to read,
they're recessed so they
can't wear out. For
free catalog write THE
iffirKhY LUFKIN RULE CO.,
SAGINAW, MICH.,
FOR DURABILITY New York City.
Since 1205
National Electric has been a symbol

































(Continued from page 24)
urements of the spherocity of balls
can, however, be made to th re-
quired accuracy by means of the
Electrolimit gauge.
The operation of the Electrolimit
gauge is very simple. Its electrical
circuit is essentially an alternating-
current bridge circuit. It is, however,
necessary to set the gauge with a
standard ball. To do this, the oper-
ator picks up a reference ball out of
a bottle with a pair of insulated
tweezers. The ball is placed in the
hole of a holder plate which allows
the operator to move the ball around
under the spindle of the gauge. With
the spindle lifted by a pivoted lever,
the ball is moved under the spindle
and the spindle lowered. A foot-
switch is then operated to connect
the indicating instrument to the
gauge circuit, and, since the gauge is
a comparator, the controls must be
adjusted to a definite reading for the
reference ball. Two other diameters
of the reference ball are then meas-
ured in the same way, and a final ad-
justment is made on the indicator.
The ball is then removed with the
tweezers from the holder plate, and
put back in the bottle. The procedure
for measuring other balls is the same
except that no adjustments are nec-
essary.
To measure the out-of-roundness
of a ball, it is placed in a field be-
tween two magnets. Its major axis
is immediately aligned with the di-
rection of the field. The magnetized
ball is then placed under the spindle
of the gauge. Since the spindle face
is also ferromagnetic, the major axis
of the ball assumes a position per-
pendicular to the spindle face, and a
measurement of that diameter is
made.
To measure the minor diameter,
the ball is attracted to a smaller-di-
ameter soft iron rod, and held with
its major axis in a horizontal plane
by tweezers. Held in this position,
it is placed in a special device which
removes its magnetism and re-estab-
lishes it in a plane perpendicular to
the major axis. The ball is then re-
moved and placed under the spindle
and measured again in a similar man-
ner. The difference in the two read-
ings is the out-of-roundness of the
ball.
Bearing races are made of high-
alloy steel with approximately seven
percent each of chrome and tungsten.
The first step in manufacture is cut-
ting a rough form from a long tube.
The rough, sliced rings are machined,
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then heat treated, quenched and
cooled. Grinding operations follow,
with a rigid inspection to check size,
parallelism and flatness. Each ring
is given a Magnaflux inspection in
which it is demagnetized, magnetized,
and dipped in a two percent iron
oxide colloidal suspension. This sus-
pension forms lines that reveal any
defects. After inspection the ring is
then demagnetized. Final grinding
and polishing operations are followed
by individual inspections.
Although there are different meth-
ods for assembling ball bearings, the
Conrad assembly method (named for
its inventor) is the most popular. To
permit insertion of the balls into the
raceways, the inner race is moved to
one side into an eccentric position
with respect to the outer race. As
many balls as possible are placed
between the deep grooves of the races
while they are in this eccentric po-
sition. Sometimes by slight distor-
tion of the outer ring an extra ball
can be placed in. After assembly,
races are centered, and the balls
equally spaced by a metal spacer
which becomes an integral part of
the bearing. The spacer acts as a re-
tainer which keeps the balls locked
in the bearing and equally spaced at
all times.







Engineering leaders for the last 80 years have made
K & E instruments, drafting equipment and materials
their partners in creating the great technical achieve-
ments of America. So nearly universal is the reliance on
K & E products, it is self-evident that every major engi-
neering project has been completed with the help of K & E.
KEUFFEL & ESSER CO.
NEW YORK • HOBOKEN, N. J.
Chicago • St. Louis • Detroit
Son Francisco • Los Angeles • Montreal
THEY ALL AGREE
. . . that Sclunidt's has the finest
service department in town. Watch,
clock and jewelry repairing done by
a state-licensed watchmaker .....
engraving, bead-stringing, crystal
fitting . . . . all expert work done
promptly and efficiently.
SCHMIDT'S
Est. 1876 14 So. 7th St.
TERRE HAUTE'S OLDEST RELIABLE JEWELER
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"When You Say It With Flowers
Say It With Ours"
THE BLOSSOM SHOP
Gladys Cowan Pound
113 N. 7th Street Telephone C-3828
TERRE HAUTE, INDIANA









Another type of bearing has a fill-
ing-notch. This requires cutting a
notch in one shoulder of each race,
through which extra balls are insert-
ed. Since the space between the races
can be filled to a maximum with
balls, the radial load that can be car-
ried is increased proportionally to
the number of extra balls. However,
due to the filling notches on one side
of the bearing, heavy thrust loads can
be carried only in one direction.
Another type of ball bearing is the
angular-contact bearing. Its outer
ring has a deep shoulder on one side,
and on the other side a very shallow
one instead of a notch. This design
permits putting in a maximum num-
ber of balls when heat expands the
outer ring. Ball contact is at an
angle, so that the bearing can take a
high thrust load in one direction, but
none in the other. It is used where
thrust loads are all in one direction
and radial loads are heavy.
A pure thrust bearing is one where
all loads must be thrust in one direc-
tion only, and there are no radial
loads. The grooves are cut on the
sides of the rings, while the balls are
held in a retainer between the two
races.
There are several combinations
and variations of these basic types
C-7094
made to fit specific conditions. Felt
and synthetic rubber seals have been
developed to seal the races and keep
dirt and grit from entering between
the races. These foreign matters en-
tering the bearing, bring quick dam-
age to the highly polished surfaces
within. This is the toughest problem
bearing engineers have to face today.
The anti-friction bearing industry,
however, with its skilled engineers,
has made great progress since its
birth a little over forty years ago.
Much research is being done today to
produce new and better designs,
which bring to a minimum the
amount of energy that is dissipated




Order Your Copy Now!
THE ROSE TECHNIC
ME MARCH OF 3C/ENCE
HEATING A PIECE OF METAL
BY OPEN FLAME, BLOW-TORCH
OR FURNACE IS RELATIVELY SLOW—
APT TO LEAVE SCALE,..ITIS HARD To
HEAT ONE SPECIFIC AREA WITHOUT HEATING THE WHOLE PIECE.
(01sfr 40a is
RODUCTION MEN REALIZED HEAT-TREATING OPERATIONS
SUCH AS FORGING, PRECISION BRAZING AND SURFACE
HARDENING COULD BE STEPPED WAY UP IF A FASTER
METHOD OF HEATING COULD BE FOUND... ONE WHICH
WOULD CONCENTRATE THE HEAT AT PRE-SELECTED AREAS!
-HEAT BY INDUCTION SEEMED
LIKE T-HE ANSWER. SCIENCE HAD ALREADY
DISCOVERED THAT METALS HEAT RAPIDLY
WHEN INTRODUCED INTO A HIGH FREQUENCY,
HIGH DENSITY MAGNETIC FIELD!
NEW SECTRON/C I/E4TER DESIGNED BY
/ ALLIS—CHALMERS SCIENTISTS—,—
  AMAZING PRODUCTION TOOL RECTIFIES ORDINARY 60-CYCLE CURRENT THEN STEPS IT UP TO 450,000 CYCLES./ , A MAGNETIC FIELD OF HIGH DENSITY IS SET UP IN WORK





4S DUCE HEAT WITHIN THE METAL WITH INCREDIBLE SWIFTNESS.
PASSAGE OF CURRENT CAUSES POWER LOSSES WHICH PRO-
M PLACE METAL IN WORK COIL... R/6 eENEF/TS: COMPLETE, SELECTIVE CONTROL
,I1 OF HEAT PEN ETRATION . . . EXACT- UNIFORMITY. . .0 PUSH BUTTON GREATLY INCREASED PRODUCTION!
@ 
METAL IS HOT IN SPLIT- SECONDS
\
ALLIS-CHALMERS MANUFACTURING CO. MILWAUKEE 1, WIS.
ELECTRONIC HEATER IS ONE MORE EXAMPLE OF HOW
ALLIS-CHALMERS RESEARCH AND EXPERIENCE GO TO WORK
FINDING BETTER, FASTER, MORE EFFICIENT WAYS OF HANDLING
PRODUCTION PROBLEMS -ANOTHER GOOD REASON WHY A-C EQUIP-
MENT IS IN DEMAND IN EVERY MAJOR INDUSTRY...
CHALMER
ONE OF THE BIG 3 /N ELECTRIC POWER EQU/PMENT






The dean of women at a large
coeducation college recently began
an important announcement to the
student body as follows:
"The president of the college and
I have decided to stop necking on
the campus."
* * *
There is usually one reason why
a man buys something, but with a
woman it might be one of eight (so
they say) :
1. Because her husband says she
can't have it.
2. Because it comes from Paris.
3. Because it will make her look
thin.
4. Because her neighbors can't
afford it.
5. Because nobody has one.
6. Because everybody has one.
7. Because it is different.
8. "Because."
* * *
Wisdom: Knowing what to do
next.
Skill: Knowing how to do it.
Virtue: Not doing it.
* * *
Leading a sheltered life is often
a matter of growth. That is, grow-
ing too tall for keyholes, while re-
maining too short for transoms.
* * *
A colored preacher was hearing
a confession. In the middle of it he
stopped the young sinner, saying:
"Young man, you ain't confessin',
you's braggin'."
* * *
Teacher: Who gave us this beau-
tiful school?
Pupil: President Truman.
Teacher: Who keeps our roads so
nice?
Pupil: President Truman.
Teacher: Who makes the trees
and flowers grow?
Pupil: God.
Voice from the rear: Throw that
damn Republican out.
* * *
Mary had a little lamb
Her father shot it dead
And now it goes to school with
her
Between two hunks of bread.
Sly
Droolings
By Howard Freers, jr., m.e.
Efficiency Expert: A cow that
gets hiccoughs and churns her own
butter.
* * *
Then there was the traveler who
asked a native of a remote region
in the Ozarks if he didn't have trou-
ble getting the necessities of life in
that inaccessible spot.
"Yes, we do," said the moun-
taineer, "and half the time we do
get it, it ain't fit to drink."
* * *
Prof.: Will you men quit ex-
changing notes in the back of the
room?
Stewdent : Them ain't notes,
them's dollar bills, we're shootin'
craps.
Prof.: Oh, pardon me.
* * *
She: Thanks, loads.
He: My name's Willie
* * *
Mrs. Sousley : What's the matter,
dear, you look like you had a night-
mare.
Doc.: I did. I dreamed that I had
to pass one of my own tests.
* * *
Sign on a truck: This truck stops
at all R. R. crossings, redheads, and
brunettes—and will back up one
half mile for a blonde.
* * *
Pat: "Well, Doctor, how is Law-
yer Smith today?"
Doc: "He's still lying at death's
door."
Pat: "Is he now? Well, that's
grit for you. At death's door and
still lying."
* * * *
"I'm telling you for the last time
you can't kiss me."
"Fine! I knew you would weaken
sooner or later."
* * * *
You say Alice is a natural born
artist.
Yeah, she knows exactly where
to draw the line.
* * * *
If a girl expects to win a husband
she ought to exhibit a generous
nature, or else how generous nature
has been with her.
"The Designers"
The designer bent across his board,
Wonderful things in his head were
stored,
And he said as he rubbed his throb-
bing bean,
"How can I make this thing tough
to machine?
If this part here were only straight
I'm sure the thing would work first
rate.
But 'twould be so easy to turn and
bore
I'd better put in a right angle there,
Then watch those babies tear their
hair.
Now I'll put the holes that hold the
cap
Way down here where they're hard
to tap.
Now this piece won't work, I'll bet
a buck,
For it can't be held in a shoe or
chuck.
It can't be drilled or it can't be
ground,
In fact the design is exceedingly
sound."
He looked again and cried—"At last
Success is mine, this piece can't
even be cast."
* * *
Here's to hell, may the stay there
be as pleasant as the way there.
* * *
Breathes there a man with soul
so dead
Who never to himself has said,
"To hell with these studies, I'm
going to bed."
* * *
Who gave the bride away?"
"I could have, but I kept my
mouth shut."
* * *
An old lady kept a parrot which
was always swearing. She put up
with this but on Sunday she kept a
cover on the cage—removing it on
Monday. One Monday afternoon she
saw her minister coming toward
the house, so she placed the cover
over the cage. As the reverend gen-
tleman was about to step into the
parlor the parrot remarked: "This
has been a damn short week."
* * *
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AIR CONDITIONING
CHEMICAL ENGINEER
D-Day Veteran John Stiefel concentrates on
G-E problems instead of chemical mortars
After receiving his B.S. in chemical engineering at the
University of Illinois in 1942, John Stiefel went into the
Army Chemical Corps, landed in the sixth waxe on D-
Day, fought through France and Germany, mortared the
Nazis, got mortared himself, and came out with a
Purple Heart, a Bronze Star and a great eagerness to get
back to the practice of non-destructive chemistry.
He spent three weeks travelling around the states from
one employment interview to another. In the end he
decided on General Electric—particularly the Air Con-
ditioning Department in Bloomfield, N. J.
"I figured," he says, "that a company like General
Electric, growing outside of purely electrical projects
into such chemically-based fields as atomics, paints, and
plastics, would offer all the chemical opportunities I
could want. I wasn't wrong."
John joined the company in December, 1945, and went
to work in the Bloomfield Works Laboratory. Although
air conditionin: is essentially the application of unit
processes he bac. learned at Illinois, he had never had any
specific training in the subject. He set out to learn about
it and about General Electric. G-E courses in materials
and processes and in sales analysis helped him.
At Bloomfield, John has helped establish the Works
Laboratory, plan its expansion, and has prepared test
methods for it. He is now the laboratory's Chemical
Section Head and a consultant on chemical engineering
problems for the Air Conditioning Department. With
further expansion underway in personnel, equipment and
floor space, John's job grows steadily.
For your copy of "Careers in the Electrical Industry,"
write to Department 2 37-6, General Electric Company,
Schenectady, N. Y.
ENERAL ELECTRIC
At Illinois John did some special work on distillation processes, but
it has been his grasp on chemical fundamentals, he says, that has
helped him most at G. E.
As commander of Company A of the 87th Chemical Mortar
Batallion, John hit the Normandy beaches early on D-Day. He
received five battle stars for service in Europe.
GENERAL ELECTRIC
CHESTERFIELDS OF COURSE
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